Background Primary analyses of a study in young women aged 16-26 years showed efficacy of the nine-valent human papillomavirus (9vHPV; HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58) vaccine against infections and disease related to HPV 31, 33, 45, 52, and 58, and non-inferior HPV 6, 11, 16, and 18 antibody responses when compared with quadrivalent HPV (qHPV; HPV 6, 11, 16, and 18) vaccine. We aimed to report efficacy of the 9vHPV vaccine for up to 6 years following first administration and antibody responses over 5 years.
Introduction
responsible for approximately 70% of cervical cancer cases worldwide. 3 The qHPV vaccine was also shown to prevent anogenital warts related to HPV 6 and 11. 2, 4 Although partial crossprotection has been observed against HPV 31 for the qHPV vaccine and HPV 31 and 45 for the bivalent HPV vaccine in clinical studies and in realworld public health programmes where high cover age has occurred, its extent, duration, and public health significance remain uncertain. 2, 5, 6 A ninevalent HPV (9vHPV; HPV 6, 11, 16, 18, 31, 33 , 45, 52, and 58) vaccine (Gardasil 9; Merck & Co, Inc, Kenilworth, NJ, USA) was developed to provide direct protection against the HPV types already covered by the qHPV vaccine and the next five HPV types most commonly associated with cervical cancer worldwide: HPV 31, 33, 45, 52, and 58. 3 On the basis of epidemiological studies, the 9vHPV vaccine could prevent around 90% of cervical cancers, 90% of HPVrelated vulvar and vaginal cancers, and 70-85% of highgrade cervical disease in women 7, 8 and around 90% of HPVrelated anal cancers and genital warts in both men and women worldwide. 1, 9, 10 A phase 3 efficacy, immunogenicity, and safety study of the 9vHPV vaccine was undertaken in women aged 16-26 years. 11 The results of this study were published after sufficient numbers of prespecified endpoints were met for the endpointdriven efficacy assessment. 12 This primary analysis established nearly 97% efficacy of the 9vHPV vaccine against highgrade cervical, vulvar, and vaginal disease associated with HPV 31, 33, 45, 52, and 58 while showing noninferior HPV 6, 11, 16 , and 18 antibody responses 1 month after vaccination compared with the qHPV vaccine. The protocol (appendix) prespecified that the study would continue after the primary analyses were done for additional efficacy and safety followup, and that the study could be terminated after participants completed visits at least until month 42. With continued followup of the study participants, we extended the efficacy analyses to a followup period of up to 6 years following initial vaccination and evaluated antibody response kinetics over the entire study period. We aimed to report the effect of vaccination on cervical cytological abnormalities; cervical, vulvar, and vaginal highgrade disease (histology); and the number of related clinical procedures (cervical biopsy and cervical definitive therapy) avoided due to protection against disease caused by HPV 31, 33, 45, 52, and 58.
Implications of all the available evidence
The 9vHPV vaccine is licensed in more than 60 countries for the prevention of HPV-related anogenital cancers and pre-cancers, and genital warts. The results of this study support comprehensive vaccination programmes and inform public health decisions related to implementation. Additionally, these findings inform further refinement of cervical cancer screening algorithms for vaccinated populations. Previously developed HPV vaccines cover oncogenic HPV 16 and 18, which cause approximately 70% of cervical cancer cases worldwide; the 9vHPV vaccine could potentially provide broader coverage and prevent 90% of cervical cancer cases worldwide. It could also prevent nearly 90% of HPV-related vulvar and vaginal cancers, 70-85% of high-grade cervical disease in females, as well as 90% of anal cancers and of genital warts in both males and females.
See Online for appendix
Methods

Study design and participants
This randomised, doubleblind, controlled, doseranging, efficacy, immunogenicity, and safety study of the 9vHPV vaccine (protocol V503001) was carried out at 105 study sites located in 18 countries (Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, South Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and the USA [including Puerto Rico]). Women aged 16-26 years old who were generally healthy, had no history of abnormal cervical cytology, no more than four lifetime sexual partners, and no previous abnormal cervical biopsy results were included in the study (the appendix shows the complete list of the eligibility criteria). The study was based on a phase 2/3 adaptive design that has been described extensively elsewhere. 11, 13, 14 Participants were enrolled in two parts: in part A participants were assessed for dose selection and in part B participants were assessed for efficacy together with part A participants who received the selected dose of 9vHPV vaccine or control (qHPV vaccine). 11, 13, 14 The last participant visit occurred on March 10, 2014 . A small subset of participants randomly selected from seven sites in Europe and Latin America (n=150) continued in a study extension after that date to further assess antibody persistence; the last participant visit in the study extension occurred on Jan 14, 2015.
The study was done in accordance with principles of Good Clinical Practice, and the study was approved by the appropriate institutional review boards and regulatory agencies. All participants provided written, informed consent before study participation in accordance with local laws and regulations. A scientific advisory committee comprising sponsor and nonsponsor scientists contributed to the development of the protocol, formulation of the statistical analysis plan, analysed and interpreted the data, and authored this manuscript. An external data monitoring committee, who were not masked to the study, assessed safety findings throughout.
Randomisation and masking
We used central randomisation in the study. An Interactive Voice Response System was used to allocate study participants and balance randomisation between sites. Participants were randomly assigned (1:1) using block sizes of 2 and 2 to either the 9vHPV vaccine or the qHPV vaccine for efficacy evaluation. The use of a placebo comparator was deemed unacceptable for ethical reasons; 11 thus, the qHPV vaccine was used as the control. All participants, study investigators, and study site personnel, laboratory staff, members of the sponsor's study team, and members of the adjudication pathology panel were masked to vaccination groups. The 9vHPV and qHPV vaccines were packaged identically using the same vials and labels. Each vial contained the same amount of vaccine (0·75 mL). Both vaccines had a similar appearance (a white, semi translucent suspension when thoroughly mixed).
Procedures
Participants received three intramuscular injections of the 9vHPV vaccine or control (qHPV vaccine) at day 1, month 2, and month 6. A dose of 9vHPV vaccine contained 30 μg of HPV 6, 40 μg of HPV 11, 60 μg of HPV 16, 40 μg of HPV 18, 20 μg of HPV 31, 20 μg of HPV 33, 20 μg of HPV 45, 20 μg of HPV 52, and 20 μg of HPV 58 viruslike particles, and 500 μg of amorphous aluminum hydroxyphosphate sulphate (AAHS). A dose of qHPV vaccine contained 20 μg of HPV 6, 40 μg of HPV 11, 40 μg of HPV 16, and 20 μg of HPV 18 viruslike particles, and 225 μg of AAHS. 12 Vaccine was not administered to participants with fever (oral temperature ≥37·8°C) or found to be pregnant (βhuman chorionic gonadotropin testing). Gynaecological samples, including cervical cytology and labial, vulvar, perineal, perianal, endocervical, and ectocervical swabs, were collected at day 1, month 7, month 12, and every 6 months thereafter for laboratory analysis up to month 54. 11 Cervical cytological samples (ThinPrep Pap test; Hologic Inc, Marlborough, MA, USA) were evaluated by a designated central laboratory (from initiation of the study until April 22, 2013: Diagnostic Cytology Laboratories, Indianapolis, IN, USA; and from April 23, 2013 , to end of study: Dianon Pathology, Shelton, CT, USA, a subsidiary of the Laboratory Corporation of America, Burlington, NC, USA) with the Bethesda System2001. For a diagnosis of atypical squamous cells of undetermined significance (ASCUS), the central laboratory did reflex testing for highrisk and lowrisk probes (Digene Hybrid Capture II Assay; Qiagen, Hilden, Germany) on residual ThinPrep material. Cytology results were reported to the investigator for participant clinical management. For samples that tested positive to one of the probes, site personnel, participants, and the sponsor remained masked to which probe was positive. Participants with abnormal cervical cytology results had to come for additional visits and undergo specialised examination of the cervix (colposcopy) in accordance with a protocolmandated triage algorithm and collection of tissue samples (biopsy and definitive therapy) for pathological examination to detect potential HPV related disease (ie, study endpoints). 11, 12 External genital examinations were done on day 1, month 7, month 12, and every 6 months thereafter up to month 54. Identified lesions suspected to be HPVrelated were biopsied. Participants with histologically confirmed HPVrelated external genital or vaginal lesions were referred for colposcopy if the external genital or vaginal biopsy was not obtained during colposcopy. Histological sections were first read for clinical management by pathologists at the central laboratory who were masked to treatment group assignment and HPV status, and then read for endpoint determination by a masked adjudication panel comprising four pathologists. Genital swabs and tissue samples were tested for detection of HPV 6, 11, 16, 18, 31, 33 , 35, 39, 45, 51, 52, 56, 58, and 59 by PCR assay, as previously described. 15, 16 Serum samples were collected at day 1 and months 3, 7, 12, 24, 36, 42 , and 60 to assess serological responses. A 10mL blood specimen was collected in a nonheparinised tube. Serum was separated, aliquoted, and stored frozen at -20°C until testing by immunoassay.
Outcomes
The primary outcomes were efficacy of 9vHPV vaccine versus qHPV vaccine to prevent the combined endpoint of highgrade cervical disease (cervical intraepithelial neoplasia grade 2 or 3, adenocarcinoma in situ, invasive cervical carcinoma), vulvar disease (vulvar intraepithelial neoplasia grade 2/3, vulvar cancer), and vaginal disease (vaginal intraepithelial neoplasia grade 2/3, vaginal cancer) related to HPV 31, 33, 45, 52, and 58 and noninferiority (excluding a decrease of 1·5 times) of HPV 6, 11, 16, and 18 antibody geometric mean titres (GMTs) compared with qHPV vaccine. Secondary and key exploratory outcomes included incidence of persistent infection, cervical, vulvar, and vaginal disease of any grade, and cervical cytological abnormalities related to HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58, as well as GMTs and seroconversion for HPV 6, 11, 16, 18, 31, 33, 45, 52 , and 58 at month 7 as well as each subsequent serum collection timepoint (outcomes are listed in the appendix). All outcomes were centrally assessed. The use of invasive cancer (cervical, vulvar, or vaginal) as an efficacy endpoint is not acceptable for ethical reasons; also, the time from infection with HPV to development of cancer usually exceeds 10 years. 2 Thus, HPV vaccine efficacy trials evaluate the effect on HPV related highgrade (pre cancerous) lesions (cervical intraepithelial neoplasia grade 2 or 3, adenocarcinoma in situ, vulvar intraepithelial neoplasia grade 2/3, and vulvar vaginal intraepithelial neoplasia grade 2/3) used as surrogate efficacy endpoints for cancer, as previously described. 2, 11 One endpoint of cervical, vulvar, or vaginal highgrade lesion as a result of the given HPV type occurred if a participant developed a lesion with a consensus diagnosis by the pathology panel of cervical intraepithelial neoplasia grade 2, cervical intraepithelial neoplasia grade 3, adenocarcinoma in situ, invasive cervical cancer, vulvar intraepithelial neoplasia grade 2/3, vaginal intraepithelial neoplasia grade 2/3, vulvar cancer or vaginal cancer; and PCR testing detected the relevant HPV type in an adjacent section from the same tissue block, as described previously. 4 If multiple HPV types were detected, the lesion was classified as related to each of the HPV types detected. For all efficacy endpoints, HPV DNA detection by PCR was considered as a surrogate marker of HPV infection. Endpoints of persistent infection were defined as a participant who was positive by PCR for the same HPV type in genital swabs or tissue specimens collected at consecutive visits at least 6 months (plus or minus 1month visit windows) apart. At least two positive specimens were required to define a persistent 6month infection and at least three positive specimens were required to define a persistent 12month infection.
Abnormal cervical cytology endpoints considered for evaluation of vaccine efficacy included atypical squamous cells of undetermined significance positive for highrisk HPV or worse. This comprises the cytology diagnoses of atypical squamous cells of undetermined significance positive for highrisk HPV (as determined by Digene Capture II Assay, Qiagen), lowgrade squamous intraepithelial lesion; highgrade squamous intraepithelial lesion; atypical squamous cells, cannot exclude highgrade squamous intraepithelial lesion; atypical glandular cells; adenocarcinoma; and squamous cell carcinoma. Abnormal cervical cytology was considered related to the HPV type or types detected in a genital swab collected at the same visit as the cytology sample. A cervical biopsy, cervical definitive therapy, or external genital procedure was considered HPVrelated if on the excised tissue assessed for pathology, the relevant HPV type was detected by PCR testing in an adjacent section from the same tissue block.
Antibodies to the nine vaccinerelevant HPV types were assessed in serum samples using a 9vcompetitive Luminex immunoassay (HPV9 cLIA). 17 Antibody titres for each individual HPV type were determined through competition with typespecific monoclonal antibodies; thus, it was not possible to directly compare assay results across HPV types. A subset of randomly selected participants was also assessed for HPV 16 and HPV 18 antibodies with a pseudovirionbased neutralisation assay, as previously described. 18 Serious adverse events were predefined as any adverse events that resulted in death, were deemed by the investigator to be lifethreatening, resulted in a persistent or significant disability or incapacity, resulted in or prolonged an existing inpatient hospital stay, or were congenital anomalies, cancers, or other socalled im portant medical events. Deaths and serious vaccine related adverse events were reported throughout the study. Other serious adverse events were reported from day 1 to 6 months following the last vaccination; events of fetal loss were reported as serious adverse events for any pregnancy with a last menstrual period before 6 months following the last vaccination. Analyses of nonserious adverse events (reported within 15 days of each vaccination visit), new medical conditions reported after 15 days following vaccination that were not evaluated as serious adverse events, and pregnancy outcomes across the study period were published separately.
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Statistical analysis
Under specific assumptions on incidence, attrition, and exclusions from perprotocol analyses provided in detail in the statistical analysis plan, around 14 000 participants needed to be enrolled to accumulate at least 30 cases of the primary efficacy endpoint on the basis of a median follow up of 30 months after randomisation. We undertook the primary efficacy analyses in the perprotocol efficacy (PPE) population, which consisted of participants who were seronegative at day 1 and PCRnegative from day 1 to month 7 for the HPV type being analysed, received all three doses of the correct clinical material within 1 year, and had no protocol deviations that could affect the evaluation of vaccine prophylactic efficacy. 11 Participants showing anti HPV serum cLIA concentrations of less than 30 milli Merck units per millilitre (mMU/mL) for HPV 6, 16 mMU/mL for HPV 11, 20 mMU/mL for HPV 16, 24 mMU/mL for HPV 18, 10 mMU/mL for HPV 31, 8 mMU/mL for HPV 33, 8 mMU/mL for HPV 45, 8 mMU/mL for HPV 52, and 8 mMU/mL for HPV 58 were classified as seronegative. We calculated vaccine efficacy, which was the percentage risk reduction.
We calculated the 95% CI for vaccine efficacy with the use of a binomial distributionbased exact method. 20 We analysed supportive efficacy in the modified intentionto treat (mITT) population. The mITT population included participants who received one or more doses of vaccine and had efficacy followup for the relevant endpoint, including participants who tested positive or negative for HPV DNA at the time of vaccination. We calculated the estimate of average risk reduction in the mITT population as the samplesizeweighted average of the percentage risk reduction in the two subgroups of participants representing those who were and were not infected with HPV at baseline. Participants who were not HPVinfected at baseline were participants who were negative at day 1 for squamous intraepithelial lesions, seronegative and PCRnegative for the nine HPV types covered by the 9vHPV vaccine, and PCRnegative for nonvaccine HPV 35, 39, 51, 56, and 59. All other participants comprised the baseline HPVinfected subgroup. The samplesizeweighted average reduction in risk approximated the efficacy expected from a population with characteristics similar to those of the study population, as previously described. 12 The KaplanMeier method was used to generate cumulative incidence plots in exploratory analyses. Because the 9vHPV vaccine is prophylactic and not therapeutic, HPV infection status at the time of vaccination is a baseline covariate that has a known interaction with treatment effect (or vaccine efficacy). A perprotocol analysis was used as a means of adjusting for the expected treatmenteffectbybaseline covariate interaction that would be present in an ITT analysis. By using a perprotocol analysis, the subgroup in which the expected vaccine efficacy is zero was eliminated, thereby coming close to an unbiased estimate of prophylactic vaccine efficacy (appendix).
We analysed primary immunogenicity in the per protocol immunogenicity population, consisting of participants in the PPE population who received doses two and three of the correct clinical material within 36-84 days and 148-218 days after dose one, respectively; and had an evaluable serology result within 21-49 days after dose three.
11 GMTs and seropositivity rates with associated 95% CIs were computed. GMTs and seropositivity rates with associated 95% CIs were computed. We did formal noninferiority hypothesis testing, which compared the 9vHPV and qHPV vaccine groups with respect to immune response to HPV 6, 11, 16, and 18, for the month 7 timepoint on the ratio of GMTs (9vHPV/qHPV) and difference of seropositivity rates (9vHPV-qHPV). Success ful demonstration of noninferiority on the ratio of GMTs required the lower limit of the 95% CI of the ratio of GMT to be more than 0·67 for each of the HPV types, thereby excluding a decrease of 1·5 times. The 95% CI of the ratio of the GMT (9vHPV/qHPV) was derived from an analysis of variance model with log antiHPV as the response and the vaccination group as the fixed effect. Successful demonstration of noninferiority on the difference of seropositivity rates required the lower limit of the 95% CI of the difference of seropositivity rates to be more than -5%, thereby excluding a decrease of more than 5 percentage points. 12 All other evaluations after month 7 were exploratory in nature without hypotheses testing.
We implemented strict control of type I error against potential sources of inflation of type I error, as previously described 11, 13 (appendix).
Vaccine efficacy=100 × 1-9vHPV incidence rate qHPV indicence rate The analysis of safety data consisted of a summary of serious adverse events occurring throughout the study. We summarised these events as frequencies and per centages across study group and type of event. Formal testing of statistical significance was not done for these data. This study is registered with ClinicalTrials.gov, number NCT00543543.
Role of the funding source
Employees of Merck & Co, Inc (Kenilworth, NJ, USA), the sponsor and funder of the study, designed, managed, and analysed the study in conjunction with external investi gators. The sponsor was directly involved in the design and conduct of the study; collection, management, analysis, and interpretation of the data; and the preparation and review of the manuscript. Each author had access to all study data upon request. The corresponding author had full access to all the data in the study and a final version of the paper was approved by each coauthor. The presentation also underwent formal review by the sponsor. The decision to submit the manuscript for publication was made by the corresponding author in conjunction with the sponsor and coauthors. The sponsor did not have the potential to pre vent submission of the manuscript. The opinions ex pressed in the manuscript represent the collective views of the authors and do not necessarily reflect the official position of the sponsor.
Results
We enrolled participants for part A from Sept 26, 2007 , to Dec 13, 2007 , and for part B from Sept 15, 2008 , for sites that also participated in part A, and from Feb 23, 2009 , at sites that only participated in part B; enrolment for part B ended on Dec 18, 2009. We randomly assigned 14 215 participants to participate in the efficacy portion of the study and to receive either the 9vHPV vaccine or the qHPV vaccine (figure 1). At the time the study was terminated, more than 82% of participants were still in the The per-protocol efficacy population consisted of participants who received all three doses of vaccine within 1 year, were seronegative at day 1 and PCR-negative from day 1 to month 7 for the vaccine HPV type being analysed, and had no protocol violations that could affect the evaluation of vaccine prophylactic efficacy. 9vHPV=nine-valent human papillomavirus. HPV=human papillomavirus. qHPV=quadrivalent human papillomavirus. NA=not available (ie, not calculable). ASC-US=atypical squamous cells of undetermined significance. *Includes participants who received at least one dose of a study vaccine. †Number of participants with an endpoint among the participants who were eligible for the per-protocol efficacy analysis population and had at least one follow-up visit with evaluable data relating to the indicated endpoint. ‡Includes low-grade cervical intraepithelial neoplasia, condyloma, low-grade vulvar intraepithelial neoplasia, and low-grade vaginal intraepithelial neoplasia. §Includes high-grade squamous intraepithelial lesion; atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion; atypical glandular cells, adenocarcinoma, and squamous cell carcinoma. Participants were followed for a maximum of 6·0 years after dose one (median 4·0 years, range 0-6·0) or 5·6 years after dose three (median 3·5 years, range 0-5·6). Baseline characteristics have been reported previously 12 and were similar for both study groups, and sample sizes for participants eligible for the efficacy and immunogenicity analyses were also similar (appendix). In the PPE population (table 1), the efficacy of the 9vHPV vaccine compared with the qHPV vaccine with respect to endpoints related to HPV 31, 33, 45, 52, and 58 was 97·4% (95% CI 85·0-99·9; 0·5 cases per 10 000 personyears in the 9vHPV group and 19·0 cases per 10 000 personyears in the qHPV group) for the primary outcome of highgrade cervical, vulvar, and vaginal disease (p<0·0001); 97·1% (83·5-99·9; 0·5 cases and 18·1 cases per 10 000 personyears, respectively) for highgrade cervical disease; and 96·0% (94·6-97·1; 21·5 cases and 538·8 cases per 10 000 person years, respectively) for 6month persistent infection; and 96·7% (95·1-97·9; 12·1 cases and 366·2 cases per 10 000 personyears, respectively) for 12month persistent infection. Efficacy for these endpoints remained within the ranges previously reported at the time of the primary analyses. 12 Efficacy was 100% (95% CI 39·4, 100; 0·0 and 3·6 cases per 10 000 personyears) for cervical intraepithelial neoplasia grade 3, adenocarcinoma in situ, or cervical cancer related to vaccine types, and more than 90% for any grade of cervical and external genital disease related to HPV 31, 33, 45, 52, and 58 (table 1) . Substantial reductions in cervical cytological abnormalities and clinical procedures related to HPV 31, 33, 45, 52, and 58 were observed in the 9vHPV vaccine group relative to qHPV recipients (table 1) . Efficacy of the 9vHPV vaccine was 90% or higher for cervical cytological abnormalities, cervical biopsy, and cervical definitive therapy, including loop electrosurgical excision procedure and conisation, related to HPV 31, 33, 45, 52, and 58. Analyses in the mITT population (appendix) showed that the 9vHPV vaccine reduced the incidence of persistent infection related to HPV 31, 33, 45, 52, and 58 and disease in participants who were not HPV infected at day 1. In participants who were infected with HPV at baseline, incidence of disease related to HPV 31, 33, 45, 52, and 58 was similar between the two vaccine groups. In the qHPV vaccine group, the incidence of persistent infection and cervical disease related to HPV 31, 33, 45, 52, or 58 continued to increase over time in the PPE and mITT populations. In the 9vHPV vaccine group, the incidence of these endpoints in the mITT population began to plateau (figure 2). Vaccine efficacy in the PPE population was robust (>90%) for infection and disease endpoints related to each of the five HPV types (31, 33, 45, 52, and 58; table 2 and appendix). Measured efficacy was 83·4% for HPV 58related cervical intraepithelial neoplasia grade 2. The participant in the 9vHPV group with a case of HPV 58related cervical intraepithelial neoplasia grade 2 was infected with HPV 56 at baseline and at all study visits until the diagnosis; she was positive for HPV 58 only at the time of diagnosis. Therefore, HPV 58 is unlikely to have caused the lesion. In the qHPV vaccine group, the incidence of 6 months' persistent infection related to HPV for each of the five HPV types continued to increase over time in the PPE population (appendix). Vaccine efficacy against persistent infection related to HPV 31, 33, 45, 52, or 58 was high (>90%) across subgroups, defined by baseline characteristics such as age, race, smoking status, and hormonal contraceptive use (table 3) .
Robust antibody responses to all nine HPV types were observed at month 3 (1 month after dose two) and month 7 (1 month after dose three); cLIA GMTs decreased over time from month 7 to month 36 to reach a plateau after that (table 4). For the 9vHPV vaccine, nearly all participants (99·6-100%) in the perprotocol immuno genicity population seroconverted at month 7, and most participants (77·5-100%) remained seropositive at month 60 (appendix). AntiHPV 6, 11, 16, and 18 cLIA GMTs at month 7 were noninferior in the 9vHPV group compared with the qHPV group (ie, the lower bound of the 95% CI of the GMT ratio [9vHPV:qHPV] was greater than 0·67), as previously reported. 12 GMT ratios (9vHPV:qHPV) and associated 95% CIs varied only minimally over time; from month 7 to month 42, GMT ratios ranged from 1·02-1·03 for HPV 6, 0·80-0·83 for HPV 11, 0·96-1·02 for HPV 16, and 1·17-1·26 for HPV 18 (table 4). HPV antibody persistence was assessed in a subset of participants from the 9vHPV vaccine group who were followed up until month 60 in a study extension; however, no immunogenicity analysis was done in the qHPV vaccine group beyond month 42 because partici pants in that group were offered vaccination with the 9vHPV vaccine after the base study was terminated. An analysis of 600 randomly selected participants to assess antiHPV 16 and antiHPV 18 GMTs at month 7 with two different immunoassays (cLIA and pseudovirion based neutralisation assay) showed that GMT ratios (9vHPV:qHPV) were similar with the two immunoassays for both HPV 16 (GMT ratio of 0·92 with both immunoassays) and HPV 18 (GMT ratio of 1·16 with cLIA and and 1·19 with pseudovirionbased neutralisation assay; table 4). Incidences of cervical, vulvar, and vaginal Data shown are 95% CI. Cervical disease of any grade was defined as grade 1, 2, or 3 cervical intraepithelial neoplasia or adenocarcinoma in situ. High-grade cervical disease was defined as grade 2 or 3 cervical intraepithelial neoplasia or adenocarcinoma in situ. (A, C, E) Analyses of the per-protocol efficacy population, which included participants who received all three doses of vaccine within 1 year, were seronegative at day 1, and PCR-negative from day 1 to month 7 for the HPV type being analysed, and had no protocol deviations that could affect the evaluation of vaccine prophylactic efficacy. (B, D, F) Analyses of the modified intention-to-treat population including participants who received one or more doses of vaccine and had efficacy follow-up for the relevant endpoint, including participants who tested positive or negative for HPV DNA at the time of vaccination. The graphs terminate at 60 months because only a small number of participants were evaluated after 60 months. HPV=human papillomavirus. 9vHPV=nine-valent human papillomavirus. qHPV=quadrivalent human papillomavirus. In the combined 9vHPV and qHPV groups, 417 (3%) of 14 149 reported serious adverse events irrespective of causality (appendix). Seven participants experienced serious adverse events that were considered vaccine related by the reporting investigator (four in the 9vHPV group and three among qHPV participants; appendix). 11 participants died during the study followup period (six The per-protocol efficacy population consisted of participants who received all three doses of vaccine within 1 year, were seronegative at day 1 and PCR-negative from day 1 to month 7 for the vaccine HPV type being analysed, and had no protocol violations that could affect the evaluation of vaccine prophylactic efficacy. 9vHPV=nine-valent human papillomavirus. HPV=human papillomavirus. qHPV=quadrivalent human papillomavirus. NA=not available (ie, not calculable). ASC-US=atypical squamous cells of undetermined significance. *Includes participants who received at least one dose of a study vaccine. †Number of participants with an endpoint among the participants who were eligible for the per-protocol efficacy analysis population and had at least one follow-up visit with evaluable data relating to the indicated endpoint. Table 2 : Effect of the 9vHPV vaccine on the incidence of persistent infection, cervical disease, cervical cytological abnormalities, and cervical definitive therapy related to each HPV type in the per-protocol efficacy population in the 9vHPV vaccine group and five in the qHPV vaccine group); none of the deaths were considered vaccine related (additional information on serious vaccinerelated adverse events and deaths is shown in the appendix). In both vaccine groups, the most common serious adverse events were spontaneous abortions, elective abortions, and appendicitis; other serious adverse events were of low frequency and affected various system organ classes.
Only one adverse event of anaphylaxis was reported and was caused by a nonstudy medication (parenteral iron given for anaemia at 5 days after dose three).
Discussion
The 9vHPV vaccine shows high and sustained efficacy for prevention of persistent infection and disease related to HPV 31, 33, 45, 52, and 58 up to 6 years following the The per-protocol efficacy population consisted of participants who received all three doses of vaccine within 1 year, were seronegative at day 1 and PCR-negative from day 1 to month 7 for the vaccine HPV type being analysed, and had no protocol violations that could affect the evaluation of vaccine prophylactic efficacy. 9vHPV=nine-valent human papillomavirus. HPV=human papillomavirus. qHPV=quadrivalent human papillomavirus. ASC-US=atypical squamous cells of undetermined significance. Pap=Papanicolaou. *Persistent infection was defined as detection of the same HPV type in genital swab or tissue specimen collected on two or more consecutive visits, with an interval of at least 6 months (plus or minus 1-month visit windows) between visits. †Includes participants who received at least one dose of a study vaccine. ‡Number of participants with an endpoint among the participants with the indicated baseline characteristics who were eligible for the per-protocol efficacy analysis population and had at least one follow-up visit with evaluable data relating to persistent infection related to HPV 31, 33, 45, 52, and 58. §Included ASC-US not positive for high-risk HPV types. ¶Included ASC-US positive for high-risk HPV types, low-grade squamous intraepithelial lesion; atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion; high-grade squamous intraepithelial lesion, or worse. ||Includes Pap test results such as unsatisfactory, specimen rejected beyond stability, improper specimen, or missing. The per-protocol immunogenicity population includes all participants who received all three vaccinations within acceptable day ranges, were seronegative at day 1 and PCR-negative from day 1 to month 7 for the relevant HPV type or types, had a month-7 serum sample collected within an acceptable day range, and had no protocol violations that could interfere with the immunogenicity evaluation. Assessment of antibody response by cLIA at months 3, 12, 24, 36, and 48 included a subset of 20% of participants randomly selected before the database was unmasked. The GMT values at day 1 (<16, <6, <12, <8, <4, <4, <3, <3, and <4 for HPV 6, 11, 16, 18, 31, 33, 45, 52 , and 58, respectively) denote that the cLIA results are below the lower limit of quantitation of the assay. The PBNA substudy included a subset of 600 participants randomly selected before the database was unmasked. HPV-9 cLIA=nine valent-competitive Luminex immunoassay. PBNA=pseudovirion-based neutralisation assay. 9vHPV=nine-valent human papillomavirus. qHPV=quadrivalent human papillomavirus. GMT=geometric mean titre. HPV=human papillomavirus. *Includes participants who received at least one dose of a study vaccine in the immunogenicity substudy cohort. †Number of participants who were eligible for the per-protocol immunogenicity analysis population with evaluable immunogenicity data at the indicated timepoint. ‡cLIA GMT is expressed in milliMerck units/mL (mMU/mL). §PBNA GMT is expressed as EC 50 (reciprocal of the serum dilution that caused 50% reduction in luciferase reporter activity compared with controls). ¶Number of participants who were eligible for the per-protocol immunogenicity analysis population, with evaluable cLIA immunogenicity data and included in the PBNA substudy with evaluable PBNA immunogenicity data for the indicated HPV type. Table 4 : HPV-9 cLIA and PBNA geometric mean titres in the per-protocol immunogenicity population first vaccination visit. Results of the data analysis indicated that vaccine efficacy through study completion remained unchanged compared with earlier analyses, 12 thereby showing that vaccine efficacy persisted through the end of the study. Furthermore, robust efficacy to prevent cervical intraepithelial neoplasia grade 3 or worse, abnormal cervical cytology, and cervical procedures related to HPV 31, 33, 45, 52, and 58 was shown. Overall, the efficacy was remarkably consistent across all the endpoints assessed in these analyses. In the mITT analyses, nearly all cases of highgrade disease occurred among partici pants who were infected with HPV before vaccination, which highlights the value of implementing vaccination before exposure to HPV. The immunogenicity profile of the 9vHPV vaccine with respect to HPV 6, 11, 16, and 18 was similar to that of the qHPV vaccine; moreover, incidence of persistent infections, abnormal cervical cytology, highgrade disease, and medical procedures related to HPV 6, 11, 16, and 18 were comparable between the two vaccine groups, suggesting that the 9vHPV vaccine prevented these outcomes as efficaciously as the qHPV vaccine. The observed higher efficacy of the 9vHPV vaccine versus qHPV vaccine to prevent persistent in fection and cytological abnormalities related to HPV 16 is unlikely to have a clinical significance since the qHPV vaccine is highly efficacious to prevent these endpoints. Finally, the 9vHPV vaccine showed a similar safety profile to the qHPV vaccine, except with more injectionsite reactions, as shown here and in a previous report. 19 Overall, 16-17% participants discontinued from the study, representing a discontinuation rate of approximately 4% per year, which was within the range of assumptions used for the study design. Given the age of the participants (16-26 years) and the long duration of the study, it was anticipated that some participants might move away to pursue college, careers, or family endeavours, and therefore, potentially discontinue from the study. Con sistent with that assumption, the preponderance of reasons for discontinuations were losstofollowup and withdrawal by participant. Since discontinuations between the two vaccination groups were balanced, they do not bias the results of comparisons of the two vaccination groups overall.
The study achieved its key objectives, which were to show efficacy against the primary and secondary endpoints of highgrade cervical, vulvar, and vaginal disease related to HPV 31, 33, 45, 52, and 58, and 6 months' persistent infection related to HPV 31, 33, 45, 52, and 58. Additionally, the vaccine was found to be highly efficacious in preventing these efficacy endpoints for each of the types separately. Because of the small number of cases, statistical significance was not reached for the endpoint of highgrade cervical, vulvar, and vaginal disease related to HPV 45. The relatively low incidence of highgrade disease related to HPV 18 and HPV 45 (relative to the incidence of cervical cancer related to HPV 18 and HPV 45) has been recognised in the scientific literature;
3,21-23 however, the reason for this relatively low incidence is not completely understood. A possible explanation for our results is that HPV 45 might generate occult pathology that is difficult to detect by routine screening methods (eg, HPV 45 has a propensity for endocervical glandular lesions that are less efficiently detected by cytological screening). 24 It is also possible that HPV 45related infection might result in a short time of progression to cancer, possibly without clinical detection in a preinvasive setting. Importantly, in a large epidemiologic study, 3 HPV 45specific cervical cancers were typically seen in much younger women. The secondary endpoint of HPV 45related persistent infection was useful to ensure a sufficient number of cases and demonstrate consistency of vaccine efficacy across the five new HPV types (31, 33, 45, 52, and 58), including HPV 45.
This study shows that many important individual clinical and global public health outcomes are prevented by 9vHPV vaccination: HPV infection, abnormal cytology, histological disease, and treatment procedures. The robust methods we used strengthened the clinical evidence to support vaccination for the prevention of HPVrelated cancers. For example, participants were frequently screened to assure clinicalendpoint detection and used methods similar to those used to study the qHPV vaccine (which allowed comparison between the two vaccine programmes; the similarity between the two vaccines helped reinforce the efficacy and safety of the 9vHPV vaccine). Because HPV disease is a global health issue, the study was done in multiple countries; the results showed that the vaccine was similarly efficacious in various populations and regions, thereby supporting the generalisability of the results. This outcome was similar to previous results showing the qHPV vaccine to be efficacious in subgroups of young women aged 16-26 years differing by age and region of residence. [25] [26] [27] [28] [29] The results of this study might support public health decisions on the implementation of the 9vHPV vacci nation programme in many countries and could stimulate future research on possible synergies between HPV vaccination and screening for cervical disease.
Although some might posit these findings are limited by the use of an active control group, it would be ethically irresponsible to treat some participants with placebo when the existing HPV vaccines are highly efficacious in prevention of disease and infection caused by oncogenic HPV 16 and 18.
11 Thus, showing noninferiority of the 9vHPV vaccine over the qHPV vaccine for immuno genicity at month 7 and comparable incidence of infection and disease outcome is an important accomplishment. 11, 12 These initial immunogenicity results were further strengthened by the consistent results over time for the immunogenicity comparisons, in addition to the use of two different immunoassays, including a primary assay that is highly typespecific to test antibodies to each of the nine HPV types and a secondary invitro neutralising assay for additional testing of antibody response to HPV 16 and HPV 18, and the persistence of antibody responses 5 years after vaccination. Moreover, supportive analyses showed comparable incidence of infection, disease, cytological abnormalities, and procedures related to HPV 6, 11, 16 , and 18 between the two vaccine groups. Taken together, these results strongly support the assertion that the additional HPV types (31, 33, 45, 52, and 58) do not negatively affect 9vHPV vaccine immunogenicity and efficacy for the original HPV types (6, 11, 16, and 18) . This study used immunogenicity outcomes to infer efficacy of a new HPV vaccine, an unprecedented approach in HPV vaccine development that might open new options for future HPV vaccine development. The study was limited in duration. Longterm followup studies 30 of the qHPV vaccine have shown persistence of protection for at least 10 years' postvaccination, suggesting that the 9vHPV vaccine could also offer longterm protection. A 10year longterm followup study extension (protocol V503021; NCT02653118) is underway to assess duration of protection.
These data show that prophylactic administration of the 9vHPV vaccine is highly efficacious in preventing infection, cervical cytological abnormalities, histologically detected highgrade disease, and medical procedures associated with vaccine HPV types. Broad immunisation of adolescent populations might result in such a substantial decrease in highgrade cervical disease that the evaluation of optimal screening algorithms in women vaccinated with the 9vHPV vaccine will be necessary.
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